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1 When sulphur dioxide and oxygen are mixed in a closed container and heated in the
presence of a catalyst, the following equilibrium is established.

2SO2(g)  +  O2(g)          2SO3(g)          ∆H = –196 kJ mol–1

An expression for the equilibrium constant, Kp, for this reaction is shown below.

(pSO3)2

Kp =  ——————
(pSO2)2 (pO2)

(a) (i) Deduce the units of Kp when pressures are measured in kPa.

......................................................................................................................................

(ii) In an equilibrium mixture established at temperature T1, the partial pressure of
sulphur dioxide is 10.6 kPa and the partial pressure of sulphur trioxide is 90.8 kPa.
Calculate the partial pressure of oxygen in this mixture, given that the value of
Kp for the equilibrium at temperature T1 is 1.42

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(4 marks)

(b) A mixture of sulphur dioxide, oxygen and sulphur trioxide has reached equilibrium in
a closed container at temperature T1.

(i) State and explain the effect, if any, on the mole fraction of sulphur trioxide in the
equilibrium mixture if the volume of the container is decreased at constant
temperature.

Effect on mole fraction of sulphur trioxide ..............................................................

Explanation ..............................................................................................................

...................................................................................................................................

(ii) State the effect, if any, on the value of Kp if the volume of the container is
decreased at constant temperature.

...................................................................................................................................

SECTION  A

Answer all questions in the spaces provided.



3

APW/Jun07/CHM4

1.
0

H
H

yd
ro

ge
n

1

4.
0
H

e
H

el
iu

m
2

10
.8
B

B
or

on
5

12
.0
C

C
ar

bo
n

6

14
.0
N

N
itr

og
en

7

16
.0
O

O
xy

ge
n

8

19
.0

F
F

lu
or

in
e

9

20
.2 N

e
N

eo
n

10

27
.0 A

l
A

lu
m

in
iu

m
13

28
.1 S

i
S

ili
co

n
14

31
.0

P
P

ho
sp

ho
ru

s
15

32
.1

S
S

ul
ph

ur
16

35
.5 C

l
C

hl
or

in
e

17

39
.9 A

r
A

rg
on

18

6.
9

L
i

Li
th

iu
m

3

6.
9

L
i

Li
th

iu
m

3

9.
0
B

e
B

er
yl

liu
m

4

I
II

III
IV

V
V

I
V

II
0

*
58

 –
 7

1
La

nt
ha

ni
de

s

†
90

 –
 1

03
A

ct
in

id
es

K
ey

re
la

tiv
e 

at
om

ic
 m

as
s

at
om

ic
 n

um
be

r

T
h

e 
P

er
io

d
ic

 T
ab

le
 o

f 
th

e 
E

le
m

en
ts

�
T

he
 a

to
m

ic
 n

um
be

rs
 a

nd
 a

pp
ro

xi
m

at
e 

re
la

ti
ve

 a
to

m
ic

 m
as

se
s 

sh
ow

n 
in

 t
he

 t
ab

le
 a

re
 f

or
 u

se
 in

 t
he

 e
xa

m
in

at
io

n 
un

le
ss

 s
ta

te
d

ot
he

rw
is

e 
in

 a
n 

in
di

vi
du

al
 q

ue
st

io
n.

23
.0 N

a
S

od
iu

m
11 39

.1
K

P
ot

as
si

um
19

40
.1 C

a
C

al
ci

um
20

45
.0 S

c
S

ca
nd

iu
m

21

47
.9 T

i
T

ita
ni

um
22

50
.9

V
V

an
ad

iu
m

23

52
.0 C

r
C

hr
om

iu
m

24

54
.9 M

n
M

an
ga

ne
se

25

55
.8 F

e
Ir

on
26

58
.9 C

o
C

ob
al

t
27

58
.7 N

i
N

ic
ke

l
28

63
.5 C

u
C

op
pe

r
29

65
.4 Z

n
Z

in
c

30

69
.7 G

a
G

al
liu

m
31

72
.6 G

e
G

er
m

an
iu

m
32

74
.9 A

s
A

rs
en

ic
33

79
.0 S

e
S

el
en

iu
m

34

79
.9 B

r
B

ro
m

in
e

35

83
.8 K

r
K

ry
pt

on
36

85
.5 R

b
R

ub
id

iu
m

37

87
.6 S

r
S

tr
on

tiu
m

38

88
.9

Y
Y

ttr
iu

m
39

91
.2 Z

r
Z

irc
on

iu
m

40

92
.9 N

b
N

io
bi

um
41

95
.9 M

o
M

ol
yb

de
nu

m
42

98
.9 T

c
Te

ch
ne

tiu
m

43

10
1.

1 R
u

R
ut

he
ni

um
44

10
2.

9 R
h

R
ho

di
um

45

10
6.

4 P
d

P
al

la
di

um
46

10
7.

9 A
g

S
ilv

er
47

11
2.

4 C
d

C
ad

m
iu

m
48

11
4.

8 In
In

di
um

49

11
8.

7 S
n

T
in

50

12
1.

8 S
b

A
nt

im
on

y
51

12
7.

6 Te
Te

llu
riu

m
52

12
6.

9 I
Io

di
ne

53

13
1.

3 X
e

X
en

on
54

13
2.

9 C
s

C
ae

si
um

55

13
7.

3 B
a

B
ar

iu
m

56

13
8.

9 L
a

La
nt

ha
nu

m
57

  
  

  
  
*

17
8.

5 H
f

H
af

ni
um

72

18
0.

9 Ta
Ta

nt
al

um
73

18
3.

9 W
Tu

ng
st

en
74

18
6.

2 R
e

R
he

ni
um

75

19
0.

2 O
s

O
sm

iu
m

76

19
2.

2 Ir
Ir

id
iu

m
77

19
5.

1 P
t

P
la

tin
um

78

19
7.

0 A
u

G
ol

d
79

20
0.

6 H
g

M
er

cu
ry

80

20
4.

4 T
l

T
ha

lli
um

81

20
7.

2 P
b

Le
ad

82

20
9.

0 B
i

B
is

m
ut

h
83

21
0.

0 P
o

P
ol

on
iu

m
84

21
0.

0 A
t

A
st

at
in

e
85

22
2.

0 R
n

R
ad

on
86

22
3.

0 F
r

Fr
an

ci
um

87

22
6.

0 R
a

R
ad

iu
m

88

22
7 A

c
A

ct
in

iu
m

89
  

  
  

  
†

14
0.

1 C
e

C
er

iu
m

58

14
0.

9 P
r

Pr
as

eo
dy

m
iu

m
59

14
4.

2 N
d

N
eo

dy
m

iu
m

60

14
4.

9 P
m

P
ro

m
et

hi
um

61

15
0.

4 S
m

S
am

ar
iu

m
62

15
2.

0 E
u

E
ur

op
iu

m
63

15
7.

3 G
d

G
ad

ol
in

iu
m

64

15
8.

9 T
b

Te
rb

iu
m

65

16
2.

5 D
y

D
ys

pr
os

iu
m

66

16
4.

9 H
o

H
ol

m
iu

m
67

16
7.

3 E
r

E
rb

iu
m

68

16
8.

9 T
m

T
hu

liu
m

69

17
3.

0 Y
b

Y
tte

rb
iu

m
70

17
5.

0 L
u

Lu
te

tiu
m

71

23
2.

0 T
h

T
ho

riu
m

90

23
1.

0 P
a

P
ro

ta
ct

in
iu

m
91

23
8.

0 U
U

ra
ni

um
92

23
7.

0 N
p

N
ep

tu
ni

um
93

23
9.

1 P
u

P
lu

to
ni

um
94

24
3.

1 A
m

A
m

er
ic

iu
m

95

24
7.

1 C
m

C
ur

iu
m

96

24
7.

1 B
k

B
er

ke
liu

m
97

25
2.

1 C
f

C
al

ifo
rn

iu
m

98

(2
52

) E
s

E
in

st
ei

ni
um

99

(2
57

) F
m

F
er

m
iu

m
10

0

(2
58

) M
d

M
en

de
le

vi
um

10
1

(2
59

) N
o

N
ob

el
iu

m
10

2

(2
60

) L
r

La
w

re
nc

iu
m

10
3

24
.3 M

g
M

ag
ne

si
um

12



APW/Jun07/CHM4

4

Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000

Gas constant R = 8.31 J K–1 mol–1
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(iii) When the temperature of the equilibrium mixture is changed from T1 to T2 at
constant volume, the partial pressure of sulphur trioxide decreases.  Deduce
which temperature, T1 or T2, is the higher.  Explain your answer.

Higher temperature ..................................................................................................

Explanation ..............................................................................................................

...................................................................................................................................
(5 marks)

(c) A different equilibrium mixture of these three gases is prepared at temperature T1 and
total pressure P.  In this mixture, the mole fraction of sulphur trioxide is 0.75 and the
mole fraction of sulphur dioxide is 0.17

(i) Calculate the mole fraction of oxygen in this mixture.

...................................................................................................................................

(ii) Write an expression which relates the partial pressure of a gas to its mole
fraction and the total pressure P.

...................................................................................................................................

(iii) Use your answer to part (c)(ii) and the value of Kp given in part (a)(ii) to
calculate a value for the total pressure P.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(5 marks)

Turn over �
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2 (a) (i) Write an expression for the term pH.

...................................................................................................................................

(ii) Calculate the concentration of hydrochloric acid which has a pH value of 0.36

...................................................................................................................................

...................................................................................................................................
(2 marks)

(b) The curve below shows how the pH changes when hydrochloric acid is added to an
aqueous solution of sodium carbonate.

(i) Write an equation for the reaction which occurs before equivalence point A and
an equation for the reaction which occurs between equivalence points A and B.

Equation for reaction before A

...................................................................................................................................

Equation for reaction between A and B

...................................................................................................................................

0
0 25

Volume of acid added / cm3
50

2

4

6pH

8

10

12

A

B
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(ii) A list of indicators is shown in the table below.

Select from the list the best indicator for the equivalence point A and, in a
separate experiment, the best indicator for the equivalence point B.

Indicator for equivalence point A ............................................................................

Indicator for equivalence point B ............................................................................

(iii) This pH curve was obtained when a 40.0 cm3 sample of 0.150 mol dm–3 aqueous
sodium carbonate was used.  Calculate the number of moles of sodium carbonate
in this sample.

...................................................................................................................................

...................................................................................................................................

(iv) Use the volume of hydrochloric acid which has been added at the equivalence
point B to calculate the concentration of the hydrochloric acid used.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(7 marks)

Turn over �
APW/Jun07/CHM4

9

Indicator pH range

trapaeolin 1.3 – 3.0

bromophenol blue 3.0 – 4.6

phenol red 6.8 – 8.4

metacresol purple 7.6 – 9.2

thymolphthalein 9.3 – 10.5

nitramine 10.8 – 13.0
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3 When answering this question, assume that the temperature is 298 K and give all pH values
to 2 decimal places.

The acid dissociation constant, Ka, of propanoic acid, CH3CH2COOH, has the value
1.35 × 10–5 mol dm–3.

[H+][CH3CH2COO–]
Ka =  —————————

[CH3CH2COOH]

(a) Calculate the pH of a 0.550 mol dm–3 solution of propanoic acid.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
(3 marks)

(b) A buffer solution is formed when 10.0 cm3 of 0.230 mol dm–3 aqueous sodium
hydroxide are added to 30.0 cm3 of 0.550 mol dm–3 aqueous propanoic acid.

(i) Calculate the number of moles of propanoic acid originally present.

...................................................................................................................................

(ii) Calculate the number of moles of sodium hydroxide added.

...................................................................................................................................

(iii) Hence, calculate the number of moles of propanoic acid present in the buffer
solution.

...................................................................................................................................

(iv) Hence, calculate the pH of the buffer solution.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(6 marks)

9
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4 (a) The rate equation for the reaction between compounds C and D is

rate = k[C][D]2

(i) In an experiment where the initial concentration of C is 0.15 mol dm–3 and the
initial concentration of D is 0.24 mol dm–3, the initial rate of reaction is
0.65 mol dm–3 s–1 at a given temperature.  Calculate a value for the rate constant,
k, at this temperature and deduce its units.

Value of k ..................................................................................................................

...................................................................................................................................

...................................................................................................................................

Units of k ..................................................................................................................

...................................................................................................................................

(ii) The reaction between C and D is repeated in a second experiment at the same
temperature, but the concentrations of both C and D are half of those in part (a)(i).
Calculate the initial rate of reaction in this second experiment.

...................................................................................................................................

...................................................................................................................................
(4 marks)

(b) The following data were obtained in a series of experiments on the rate of the reaction
between compounds E and F at a constant temperature.

(i) Deduce the order of reaction with respect to E.

...................................................................................................................................

...................................................................................................................................

(ii) Deduce the order of reaction with respect to F.

...................................................................................................................................

...................................................................................................................................
(2 marks)

Turn over �
APW/Jun07/CHM4

6

Experiment Initial Initial Initial rate /
concentration concentration mol dm–3 s–1

of E / mol dm–3 of F / mol dm–3

1 0.24 0.64 0.80 × 10–2

2 0.36 0.64 1.80 × 10–2

3 0.48 0.32 3.20 × 10–2
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5 (a) The structure of the amino acid alanine is shown below.

(i) Draw the structure of the zwitterion formed by alanine.

(ii) Draw the structure of the organic product formed in each case from alanine
when it reacts with:

CH3OH in the presence of a small amount of concentrated sulphuric acid

Na2CO3

CH3Cl in a 1:1 mole ratio

(4 marks)

COOHH2N C

H

CH3
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(b) The amino acid lysine is shown below.

Draw the structure of the lysine species present in a solution at low pH.

(1 mark)

(c) The amino acid proline is shown below.

Draw the structure of the dipeptide formed from two proline molecules.

(1 mark)

Turn over �
APW/Jun07/CHM4

6

COOH(CH2)4H2N C

H

NH2

COOHN

H

C

H

CH2

CH2

H2C
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6 Consider the reactions shown below.

(a) (i) Name compound J

...................................................................................................................................

(ii) Compound J exists as a pair of stereoisomers.  Name this type of
stereoisomerism.

...................................................................................................................................
(2 marks)

(b) (i) Name the type of mechanism for Reaction 1.

...................................................................................................................................

(ii) Draw the repeating unit of the polymer formed by K and name the type of
polymerisation involved.

Repeating unit

Type of polymerisation .............................................................................................

(iii) Draw the structure of an isomer of K which shows stereoisomerism.

CH2OH CHO
Reaction 2

Reaction 3

Reaction 1

CH3CH2 C

CH3

H

CH3CH2 C

CH3

L
J

M

H

COOHCH3CH2 C

CH3

H

C CH2

CH3CH2

CH3

K
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(iv) Draw the structure of an isomer of K which has only one peak in its proton
n.m.r. spectrum.

(5 marks)

(c) (i) Draw the structure of an isomer of L which has no effect on either Fehling’s or
Tollens’ reagents and has only two peaks in its proton n.m.r. spectrum.

(ii) Acidified potassium dichromate(VI) reacts with J to form both L and M.  What
practical technique is used to obtain M rather than L?

...................................................................................................................................
(2 marks)

(d) The four infra-red spectra I, II, III and IV shown on the perforated page 15 are those
of compounds J, K, L and M, but not necessarily in that order.  Using Table 2 on the
data sheet, page 4, give the letter corresponding to the correct compound for each
spectrum.

Spectrum I .....................................

Spectrum II .....................................

Spectrum III .....................................

Spectrum IV .....................................
(4 marks)

(e) (i) Give an approximate range of wavenumbers for the fingerprint region in an
infra-red spectrum.

...................................................................................................................................

(ii) Describe how the fingerprint region can be used to identify a compound.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
(3 marks)

Section B, Questions 7 and 8 are printed on page 16, the reverse of the spectra.

Answer these questions in the space provided on pages 14 and 17 to 20 of this booklet.
Turn over �
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...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................

...............................................................................................................................................................
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The infra-red spectra below are for use with Question 6 on pages 12 and 13.
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7 (a) Give reagents and conditions and write equations to show the formation of
nitrobenzene from benzene.
Name and outline a mechanism for this reaction of benzene.

(8 marks)
(b) Compounds X, Y and Z are shown below.

Name X and give reagents for the conversion of X into Y.  Write an equation for this
reaction using [H] to represent the reductant.
Explain why Y is a weaker base than Z.

(6 marks)

(c) Draw the repeating unit of the polymer formed by the reaction of Y with hexanedioic
acid.

(2 marks)

8 (a) Amide R, CH3CH2CONHCH3, can be formed by the reaction of CH3CH2COCl with
CH3NH2

(i) Name amide R.  Name and outline a mechanism for the reaction of
CH3CH2COCl with CH3NH2 to form R.

(ii) R can also be formed by the reaction of an acid anhydride with CH3NH2
Draw the structure of this acid anhydride.

(iii) In the mass spectrometer, fragmentation of the molecular ion of CH3CONHCH3
produces a peak with m/z = 57.  Write an equation for this fragmentation.

(10 marks)

(b) Consider the following reaction sequence.

Name the mechanism for Reaction 1 and deduce the structure of compound S.

Give the reagents and name the type of reaction occurring in Reaction 2.
(4 marks)

END  OF  QUESTIONS

SECTION  B

Answer both questions in the space provided on pages 14 and 17 to 20 of this booklet.

NO2

NO2

X

NH2

NH2

Y

NH2

NH2

Z

CH3CHO S CH2NH2H3C C
Reaction 1

HCN

Reaction 2
OH

H
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